Introduction SAMPLE COLLECTION
Two sets of samples were collected. Thirty-two pedons were sampled during a helicopter-supported reconnaissance to prepare landcover and soil maps of the watershed; these are designated as R95-1 through R95-32 on Figure 1 . These pedons were in major landcover types selected from aerial photographs and using a global positioning system (GPS) unit. The pedons were excavated to the surface of the frost table in early August when the active layer was near its maximum thickness. The upper 10 to 20 cm of frozen ground was sampled using a hammer and cold chisel.
An additional set of detailed pedons, designated as A95-1 through A95-23 (Fig. 1) , was examined at 11 tower sites for measuring CO2 and methane fluxes along a roughly north-south gradient from Betty Pingo near Prudhoe Bay (70?17'N) to Imnavait Creek (68?30'N). These pits were dug by hand to the frost table and excavated farther to 100 cm with a gasoline-powered Pico impact drill. Only the silt-rich soils under moist nonacidic and moist acidic tundra were included in the present study.
Soil descriptions were made in accordance with procedures detailed by the Soil Survey Division Staff (1993). Bulk samples were collected from each horizon and placed in water-tight bags. Soils were classified according to the recently adopted Gelisol order in Soil Taxonomy (ICOMPAS, 1996) .
Bulk density cores were taken from each horizon of the detailed pedons within the active layer. Bulk density of reconnaissance pedons and frozen horizons was estimated from the equation, y = 1.374*10-?0026, where y = bulk density (g cm-3) and x = organic carbon (%). This equation was derived from 82 measurements from the detailed pedons and had an r2 of 0.823 (P = 0.0001). The equation may overestimate the bulk density of frozen horizons containing abundant massive ice. Soil pH was measured on a saturated paste within 8 h of sample collection using a portable pH meter.
Tissue samples were collected from major plant species at Sagwon Bluffs, a locality containing both moist nonacidic tundra (sites A95-2 and A95-18) and moist acidic tundra (sites A95-3). For nonwoody plants such as the sedges, mosses, and forbs, the entire aboveground portion of the plant was harvested. For woody shrubs such as Arctous rubra, Salix, and Betula, the foliage and branches were sampled separately. Fourteen species (including combined forbs) were sampled in moist nonacidic tundra and 10 species in moist acidic tundra. Carex bigelowii, Cassiope tetragona (L.) D. Don ssp. tetragona, and Hylocomium splendens occurred in both landcover types.
During an accuracy assessment of the landcover map (Muller et al., in press), visual estimates were made of the percent cover of nonsorted circles at 63 moist nonacidic tundra sites and 80 moist acidic tundra sites in the Kuparuk River basin. All soils selected for analysis are derived from silty materials. Parent materials generally are either recent loess or older loess reworked by glaciation and/or mass wasting (arctic foothills) or thaw-lake cycles (arctic coastal plain) (Kreig and Reger, 1982; Carter, 1988 ).
LABORATORY ANALYSES
Soil samples were shipped to the University of Wisconsin where bulk density (reported on samples dried at 105?C) and gravimetric and volumetric field moisture contents were determined. Air-dried samples were ground to pass a 2-mm screen. One set of subsamples was oven-dried at 105?C, ground to pass a 0.25-mm screen, and sent to the University of Alaska-Fairbanks Agriculture and Forestry Experiment Station at Palmer for total carbon and nitrogen analysis on a Leco CHN-1000 analyzer. No adjustments were made for CaCO3 so that the carbon values represent organic and inorganic forms. A second set of subsamples was sent to the University of Missouri Soil Char- NH4OAc. Nutrient contents of the profiles were determined to a depth of 100 cm by taking the product of nutrient concentration, bulk density, and horizon thickness. In a few cases we were unable to excavate the soils to 100 cm. In those cases we extrapolated the last horizon, which was usually a Cgf or a Cg/Oajjf, to 100 cm. The percentage of coarse fragments was low and no corrections were necessary for skeletal material.
Tissue samples were dried at 65?C, ground in a laboratory mill, digested in concentrated HNO3 and HC104, and total elemental analysis was performed on an inductively coupled plasma emission spectrometer by the University of Wisconsin Soil and Plant Analysis Laboratory. Comparisons in soil properties and percent nonsorted circles between moist nonacidic and moist acidic tundra were done by one-way analysis of variance and two-sample t test, respectively.
Results

SOIL MORPHOLOGY AND CLASSIFICATION
Soils under moist nonacidic tundra contain an 11 ? 2.6-cm-thick organic layer over a dark-colored A horizon (average thickness = 20 + 5.2 cm) and a gleyed Bg horizon. The A horizon occasionally qualifies as a mollic epipedon, a dark colored and relatively thick surface mineral horizon that is enriched in organic C and has a base saturation of 50% or more (Table  1) . Soils under moist acidic tundra have a thicker organic horizon and lack an A horizon. The Bg horizon in soils of the moist acidic tundra often displays dilatancy, which is a property of saturated soils enriched in coarse silt whereby the volume and moisture content changes upon deformation (Alexander, 1992) . Soils under moist nonacidic tundra have a significantly (P c 0.05) deeper seasonal thaw (active) layer (58 cm) than soils under moist acidic tundra (44 cm). 
Aquaturbels, mineral soils that are cryoturbated and have
PARTICLE SIZE DISTRIBUTION
For comparative purposes the soils were chosen for their similarity in parent material composition. All except five of the pedons are in coarse-silty or fine-silty texture classes and have silt-loam textures within the 25 to 100 cm depth interval (Table  1) . The silt concentration for all soils averages 55% (Table 2 ).
There are no significant differences in the profile quantities of silt or clay between soils of the two landcover classes (Table 3) .
CHEMICAL SOIL PROPERTIES
The pH values of the uppermost organic horizon and B horizon are 7.3 and 7.0 for the moist nonacidic tundra and 4.3 and 5.3 for the moist acidic tundra (Table 1) . There are similar quantities of clay and total C in the upper 100 cm of the two broad soil groups (Table 3) . Nevertheless, there are significantly greater amounts of extractable Ca, Mg, and sum of bases and significantly lower amounts of exchangeable acidity and Al in profiles of moist nonacidic tundra than in profiles of moist acidic tundra. These trends are due partly to the existence of free carbonates in soils of moist nonacidic tundra. For this reason, the cation-exchange capacities as determined by extraction with 1M NH4OAc and by sum of cations are greater in soils of moist nonacidic tundra than in soils of moist acidic tundra. Whereas profile N is significantly greater in moist nonacidic tundra, profile extractable P is significantly greater in moist acidic tundra (Table 3) .
PLANT TISSUE CONCENTRATIONS
Concentrations of Ca are two to three times greater for plant species on moist nonacidic tundra than for equivalent species on moist acidic tundra ( Fig. 2; Table 4 ). Manganese concentrations are nine-fold greater in plant tissues of moist acidic tundra than for tissues in moist nonacidic tundra.
Discussion
Soils of nonacidic tundra have thinner organic horizons, a deeper thaw depth, greater quantities of extractable Ca, Mg, and sum of bases, and lower quantities of extractable acidity and Al than soils of moist acidic tundra on parent materials of similar composition ( Fig. 3; Tables 1, 3) . A greater proportion (75%) of soils in the moist nonacidic tundra are cryoturbated than in the moist acidic tundra (50%) ( Table 1 ). In addition, visual estimates during the helicopter-supported reconnaissance show a significantly greater area occupied by nonsorted circles in moist nonacidic tundra (9.6%, n = 63) than in moist acidic tundra (0.9%, n = 80) (Fig. 3) .
These trends suggest that nonacid conditions, thin organic layers, deep thaw, and cryoturbation are mutually reinforcing. Cryoturbation mixes organic matter and mineral soil throughout the active layer and exposes the mineral soil. Numerous field observations on the Alaskan North Slope indicate that the potential for cryoturbation is enhanced at upland sites with moist conditions and relatively deep thaw . Site-specific conditions necessary to produce mass displacement include a reversed vertical density gradient and loss of intergranular contacts between soil particles (Vandenbergh, 1988) . Development of differential freezing rates as a consequence of local variations in snow cover, vegetation density, and soil moisture can lead to cryostatic pressures within a refreezing active layer (Nicholson, 1976) . Mackay (1980) showed that patchy vegetation cover promotes local increases in thaw depth, forming bowl-shaped depressions in the base of the active layer that ultimately give rise to mass displacements within the soil. Indeed, mudboils are common within the Kuparuk basin, but are less common in surrounding undisturbed and continuously vegetated areas that often support moist acidic tundra.
Williams and Smith (1989) suggested that many of the soil structures attributed to cryoturbation are the result of differential frost heaving that is related to localized high soil moisture content. Most work on cryoturbation has focused on soil processes and properties at specific locations or within small areas. Broad inferences about permafrost and the active layer, and their relation to climatic change, have been made on the basis of soil cryoturbation features, usually at widely spaced locations (Maarleveld, 1981). Despite an early recommendation by Benninghoff (1952) , there has been no systematic, regional-scale effort to examine the spatial distribution of cryoturbation features and their relation to other environmental variables such as winter surface soil temperature, distribution of snowcover, and the thickness of the organic mat.
Although there is a relationship between the occurrence of moist nonacidic tundra and widespread cryoturbation, the general trend in the region over a millennial scale is toward acidic tundra. During the process of paludification, the soils, even on moderate slopes, become waterlogged, and the accumulation of organic matter and mosses, chiefly Sphagnum, contribute to the acidification of the soils (Walker et al., 1989; Walker and Walker, 1996) . Therefore, in areas of moist nonacidic tundra, some external factor maintains the nonacidic conditions. This factor could be modem loess deposition that contributes Ca and other base cations to the system. However, this process occurs primarily in highly braided reaches of streams in the coastal plain and in proximity to major rivers in the arctic foothills (Carter, 1988; Walker and Everett, 1991) . The soils for this study were selected so as to be distributed throughout the Kuparuk River basin and not chiefly in the coastal plain or adjacent to the Sagavanirktok River (Fig. 1) .
These data imply that some landscape factor is either enhancing cryoturbation in nonacidic areas or influencing vegetation production/decomposition in nonacidic areas that in some way results in thin organic horizons. The conversion of moist nonacidic tundra to moist acidic tundra may be explained as follows. Cryoturbation inhibits the development of a Sphagnum mat and mixes base cations, mainly Ca and Mg, originating within the system or contributed externally as wet and dry deposition. Changes in environmental conditions which to date have not been explained allow a Sphagnum mat to develop. The Sphagnum releases protons that replace base cations on soil exchange sites (Sj6rs, 1950; Gorham, 1956; Clymo, 1963) ; the base cations are subsequently lost to subsurface flow .
Regardless of the causes of nonacidity in any given place (it could vary from place to place), it results in the set of linked soil and vegetation properties described here. The differences in base cations in moist nonacidic and moist acidic tundra soils have important implications regarding ecosystem functioning. For example, moist nonacidic tundra vegetation apparently cycles larger amounts of base cations, especially Ca, than moist acidic tundra vegetation. This is reflected by the high tissue concentrations of Ca and Mg in moist nonacidic tundra (Fig. 3) . Lupinus arcticus has unusually high amounts of base cations, including a Ca concentration in excess of 5% (Table 4) . Micronutrients such as Mn and Zn are less available at high pH values in moist nonacidic tundra as evidenced by lower tissue concentrations of these elements than in moist acidic tundra. Moist nonacidic tundra has a greater plant diversity than moist acidic tundra (Walker et al., 1994) and possibly a greater variety of habitats for wildlife use. The greater abundance of Ca in plants of moist nonacidic tundra may be important for lactation and horn and bone production of ungulates (Bryant and Kuropat, 1980) . Plants of the nutrient-poor moist acidic tundra tend to have an abundance of protective chemical compounds that limit their palatability as forage.
